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INTRODUCTION

In order to make intelligent decisions regarding any operation, all factors which affect
the operation must be considered. Weather is a factor which may have a strong influence upon
all phases of naval operations. To produce an appraisal of the weather factor in terms of
operational requirements and limitations, a careful analysis of the best available climatic
data is necessary. 1In view of this premise, efforts are being made to increase the amount
and reliability of climatic information to be placed at the disposal of the aerologist. This

volume represents a partial result of these efforts.



CHAPTER 1.

CLIMATOLOGY

A, CLIMATE

The governing factor in the world's weather is the energy received by radiation from the
‘sun. Because the earth is inclined 23 1/2° from the vertical to its plane of revolution
raround the sun, the angle at which the sun's rays strike a location on the earth varies during
! the year, causing a corresponding variation in the amount of solar energy received. Latitu-
‘dinal changes in weather from season to season at any particular location result from the
!variation in the reception and retention of the sun's energy. The ancient Greeks recognized
! this association and actually used their word for incline, "Klima', to designate the change
i of seasons and to signify the history of their weather. Today we use the equivalent word in
. English, "Climate'", for the same purpose.

; A rough understanding of the winter-to-summer ranges of climate has served man to advan-
i tage since long before he had means for preparing specific climatological records. Besides
shaping such fundamentals as his habits of dress and shelter, the march of the seasons dic-
tated his tribal migrations, controlled his food supply, governed the beginnings of his
agriculture; and folklore is rich in references to medicine men and seers and chieftains
elevated to positions of importance because communities of men believed they could foretell
the hardships and blessings of coming seasons. Scientific literature, beginning with that
of early Greece and continuing today, abundantly attests to the importance, for many of the
needs and actions of civilized life, of an understanding of the nature and variatiomns, the
i extremes and ranges and persistences, and above all the patterns of recurrence and the de-
pendability, of climate.

Until the invention of meteorological observing instruments and the systematization of
efficient and uniform methods for recording weather observations, anything approaching a
scientific study and analysis of climate was of course practically impossible: and it is
only during the last century that records sufficiently widespread and of really usable detail
have been made. A workable collection of such records is now available, however, to which
the Navy has direct access and which it is the purpose of this statement to describe to Naval
officers and men so that they may take appropriate advantage of it.

Because of the complexity of climate - the variety of its many elements, each one with
11s own variation pattern - and because also of the tremendous number of data that must be
Considered in any worthwhile analysis or predictive interpretation of it, the only sensible
vay to deal with it is by tested and proved statistical methods. Even with these, however,
the amount of data involved in any major climatological problem is so great that solution by
minual means (pencil and scratch-pad) is impracticable, so that the so-called mechanized or
Pfunch-card statistical method must be used.

B. DEVELOPMENT OF THE PUNCHED CARD METHOD IN CLIMATOLOGY

¥hen a situation similar to the above developed in the handling of U. S. census data for
188C: | pecause by manual methods it was no longer possible to analyze and correlate the mass
°f material gathered in one census before the time for taking another would arrive, punched
ards and the machinery to handle the data were devised. Since that time the punched card
med:un has served continuously and efficiently as a major statistical tool in government and

1zdustry in an ever-widening area of application.

The first important application of punched cards to weather data was in the analysis of
“atlher over the oceans. The preliminary task of bringing geographic or chronological order
%ut 5t the mass of miscellaneous ships' reports is indeed formidable when attempted by manual
"eins . This first attempt at adapting machine methods to the analysis of weather data was
Mad: in 1896 by the U. S. Hydrographic Office, in the preparation of climatological data for
Piitt charts, and in the sorting and filing of data chronmologically for the preparation of

#iStorical synoptic charts.

i be first successful

ibout 1920 the Meteorological Office of the British Admiralty gan the
5¢ 51 punched cards in extr:iting meteorological data from ships’' logs, processing the cards
threugh the machines to get means and wind roses for 5 and 10-degree squares of ocean surface,



In 1922, the Dutch Meteorological Institute borrowed some of the British card files, and,
with these and their own cards, began making their own analyses of ocean weather; Norway and|
France soon followed suit. By 1927, the Deutsche Seewarte (German Marine Unit) embarked!
similarly on the analysis of wmarine nlimates by the punched-card machine methods.

In the United States, the birthplace of the punched card method, there was continuing
interest in the possibilities of mechanical analysis for problems of weather statistics,
However, no funds were available for the testing of machine techniques in climatology until
the advent of the CWA (later WPA) in the middle thirties.

In 1934, a CWA project under the direction of the Weather Bureau was initiated to prepare
a long-needed climatic atlas of the oceans, which was published in 1938. Work was started by
the Weather Bureau in 1936, with WPA funds, on punched card compilation and analysis of 20
million surface and upper air (pilot balloon and radiosonde) observations made at about 400
airway weather stations. From these cards, a number of publications were produced, including
"Airway Meteorological Atlas', '"Normal Flying Weather for the United States', "Temperature
Frequencies in the Upper Air", and "Low Visibility Airport Wind Rose Summaries'.

Increased demands for weather statistics as a result of World War II gave an impetus to
the punched card program. The planners of bombing missions, amphibious landings, task force
strikes, and many other operations desired such information as: When will the weather be
most favorable at this particular beach for all phases of a complicated landing operation
for handling the planes, landing craft, transports, armored vehicles, and personnel? For
what temperatures should lubricant and gasoline specifications be calculated? What surface
weather and sea conditions make this transport route better than that? What temperatures
and humidities will be encountered which will create food-storage problems? Providing an-
swers to these and many other planning problems involved organizing and summarizing quantities |
of weather data.

We had insufficient prewar information about many parts of the world that now suddenly
became impcrtant to the national security. We had no information at all about some. Much
of the world's "present weather" was blacked out for us. The existing routine summaries
were inadequate to answer operational questions. Development of vital forecasting aids re-
quired analysis and correlation of climatic information of parts of the world from which
weather observations were being obtained with that of areas from which weather observations
were not available,

Punched cards and machines proved their value in accomplishing these tasks in much shorter
time than would have been possible manually. Early in 1942 the WPA punched card work spon-
sored by the Weather Bureau was stopped and the entire organization placed at the disposal
of the armed forces to help answer some of the questions about weather. The Weather Bureau
machine jnstallation, working with Army and Navy funds, together with installations created
and supported by the Army Air Force, punched and summarized some 20 million cards prepared
frem domestic and foreign observations made at weather stations operated by the military
services throughout the world. By the end of the war our punched card library contained
about 80 million punched cards.

3.nce 1945 the collection of weather data punching it in cards, and the increasing
capsbilities of machines for processing the cards have rapidly expanded the potentiality for
producing vaiuable climatic information. The rest of this pamphlet is devoted to describing
(1) this relatively new technique for extracting this information from great quantities of
obscrved data, (b) what climatic records are available to the Navy, (c) the methods by which
the; may be ~xploited, and (d} the form in which information may be presented to the Aero-
logical Officer as an aid to answering problems encountered in day to day duties or in pre-
paration for a specific unission.




CHAPTER I1.

PUNCHED CARD MACHINES AND PROCESSING
OF WEATHFR DATA

To a casual observer of machines compiling weather data, the most impressive operations
are the electric sorting, accounting, and computing machines, just as to visitors in a machine
shop the operation of large machines, punch presses, milling machines and various types of
drills command greatest interest. The punched card is likely to go unnoticed, in the same
panner as are the tools and jigs and dies of manufacturing plants. To one interested in the
details of operation, however, these seemingly negligible details hold a very real importance.
For, just as the forms of dies and jigs determine the shape of a finished manufactured pro-
duct, so the punched cards control the computing machine and cause it to produce accurate
and complete analyses and statistical reports.

A. DESCRIPTION OF PUNCHED CARDS

Punched cards for weather data use are standard IBM cards, 3 1/4 inches wide and 7 3/8
inches long, made of special paper manufactured to strict specifications. Figure 1 illus-
trates, at actual size, a card in which a marine weather observation has been punched. The
tards are divided into 80 columns in each of which holes 1/8 inch long and about 1/16 inch
vide can be punched in twelve different vertical positions. In the ten lowest positions of
each column, numbered from 0to 9, weather data observed in numerical units or 10 symbols are
recorded. The upper two or OVERPUNCH positions are used for supplementary information.
Immediately above the "0" row is the "x" overpunch, used to reduce the number of columns
lecessary to record certain weather elements. First, the "x" overpunch position provides
for explanatory information about the data recorded in the column or columns directly below
t0 eliminate the need for additional columns which would be rarely used. For example, instead
of assigning 3 columns to temperature or wind speed to permit the representation of the
relatively small number of observations where a value of 100 is reached or exceeded, two
columns suffice if the "x" overpunch in column 40 (for temperature) or 45 (for wind speed)
15 used to indicate that 100 must be added to the values punched in the spaces representing
fumerical values. In the same way, negative temperatures may be indicated by punching the
‘X" overpunch in c olumn 39 (see Fig. 1). B8econd, the "x" overpunch provides the 11th position
to allow recording, in only one column, weather data for which 11 possible observing classes
exist. The 11 classes of total cloud cover, zero to ten-tenths, can be recorded in one
tolumn by punching the "x" overpunch, when the sky is overcast. The 12th punching position,
the "yn overpunch, is infrequently used. Since it is mainly for the purpose of control of
"chine operation rather than representation of weather data, it is not discussed here.

. Punching the observed data into cards, the only large-scale manual operation involved,
'S accomplished on a KEY PUNCH. This has a carriage which holds the card as it is being
Pinched and a keyboard of 12 punching keys, one for each of the 12 columnar positions, 0-9,
Y and y, If it is desired to punch a number 6 or 6th code symbol in the column, the number

key is depressed. The hole will be punched in the column of the card positioned under the
Puching dies. As each column is punched, the carriage automatically advances the card from
'18ht to left, positioning the next column under the dies. This action is exactly similar
!¢ the automatic spacing of a typewriter carriage after a single letter is typed. With two
dditional keys, a carriage release and a columnar space key, card movement through the punch
n be controlled manually.

. It will be noted in Fig. 1 that the punched holes have cut out not the numbers they are
'?9pded to indicate but the blank spaces immediately below the numbers. This hole-position,

'h means mothing about the mechanical exactness of the punch itself, is within the accepted
p?“ting tolerance for the cards, which allows a variation ranging between the number-space
< the blank immediately below it.

3
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B. MACHINE PROCESSING OF PUNCHED CARD DATA

The punched card method of recording data by punching holes in pleces of paper results
in a unique kind of record which can be used to produce, in machines designed to process the
data autamatically and rapidly, a wide variety of statistical analyses. The card is actually
an electric insulator except in those positions in which holes have been punched. Electrical
circuits completed through the punched holes energize electromagnets which control various
zechanisms, such as chutes which open, allowing cards to fall into appropriate collection
"pockets”, or Veeder counters which count the number (a) of cards or (b) of values punched.
Singly or in combination the machines can perform the basic operations involved in the analy-~
sis of weather data:

Arrangement of data into desired sequences or groupings;
Interfiling of data into a desired relationship with other data:
Comparison of numerical magnitudes of data on two sets of cards:
Selection of specific information from large quantities of data:
Translation of data into different units of measurement and
combining data from several sources:

Counting the occurrences of different magnitudes or categories
of weather elements:

Addition, subtraction, multiplication, and division:
Solving equations or parts of equations.

0 3 -2} Gt W N

Original data punched into the cards, or the results of any stage of analysis, can be
printed on paper by a TABULATOR. The printing unit in this machine, similar in principle
to that in a simple adding machine, contains bars or wheels with letters, numerals, and
symbols, one for each column on a punched card and extras to permit printing sums or products
so that the results of the machine's work come out in the form of a printed tabulation.

Whenever large volumes of data are involved, manual processing of data is slow and
tostly, and the great importance of punched card techniques and machines is the speed and
economy with which they can do the work that takes so long and costs so much when done by
hand. There is nothing magical about thenm: they do not think: the apparent "intelligence™
they display is produced entirely by the technicians who operate them. The machines run
tards through, process the data punched into them, and print the desired results electrically,
but only in strict accordance with the directions wired into them. What they do is determined
by a control panel or "plugboard”. which resembles a complicated telephone switchboard. A
technician might, for example, wire a plugboard to cause a machine to proceed as follows:
Separate all the cards with a ceiling of less than 1,000 feet from a set of cards representing
ten years of record at a station: separate the cards with less than 1,000 foot ceilings thus
obtained into two groups, one containing cards with north winds and the second containing
tards with other wind directions; and finally, cause the date of each observation or card
Yith less than 1,000 foot ceiling and a north wind to be printed in chronological order on
2 sheet of paper.

In the following pages each of the basic operations in analysis of climatic data is
illustrated. While the attempt here is to emphasize results of a punched card analysis,
2 simplified explanation of a machine accomplishing each type of analysis has also been
included to show machine capabilities and limitations. Most operations can be accomplished
by more than one type of machine, but each has been designed for a few special functions and
It that role operates most efficiently.

1. ARRANGING DATA INTO DESIRED SFQUENCES OR GROUPINGS is a common preliminary step in
freparing data for analysis. Analytical requirements dictate the specific pattern of data
irrangement. The sequence may be chronological, numerical for a specific weather element,
iad 80 on. Grouping large quantities of values into classes is usually the first step in
iy statistical study.

The machine used for arranging cards into any kind of desired sequence or separating
them into groups is the SORTER. It has 13 pockets. 1 for each of the 12 punching positions
1 a column, and a thirteenth for cards with no punch in the column being sorted. This
Wchine sorts only one colummn of the card at a time, at a rate of from 450 to 650 per minute,
litting the file of cards into a maximum of 13 separate groups on each sort, resulting
Iz a numerical sequence for the column sorted. Figure 2a schematically illustrates cards
from two stations, NAS and CWQ, in jumbled date-order for each station. Figure 2b shows the
fards arranged in order by date after they have been run through a sorter twice: separated
first by the column containing the units digit of the date and then a second by the column
“taining the tens digit.

The cards can be sorted on as many columns as desired. and thus arranged into a great
:uiety of groups. Several columms representing one weather element can be successively
eT%ed to organize the values into classes; several columns representing different weather
‘tments can be successively sorted to provide groups containing combinations of values,
lng Speeds in knots, as recorded on marine observation punch cards, can be grouped into
;c“”°rt-force order by sorting into unit values, from zero to the highest, and removing
:'ms from the pockets in groups equivalent to each Beaufort force.

5



NAS - 26 MAY |
NAS - 29 MAY Jl
NAS- 30 MAY 1
NAS - 28 MAY ]

NAS-27 MAY 1

[ cva-30 may
[ cvo-29may
| cva-27 may
[ cva-z6 way
[ cvo-2smay

.z_. EYC €YC.
SORTING SORTING
8Y DATE 8Y DATE

NAS -26 MAY [ cva-2e may
[ cve-27 may
{ cvo-28wmar
NAS - 29 MAY [ cva-29mav
NAS - 30 MAY 1 | cve-3omar
20 €TC Eve

1
INTERFILING IN COLLATOR

FIG.

NAS -26 MAY 1
CVQ-26 MAY 1

NAS-27MaY 1
CvQ-2TMAY 1
NAS - 28MAY 1
CVQ-28MAY 1
NAS-29MAY |
CV0-29 MAY 3
NAS -30MAY 1
CvO-30wmaAY 1

ETC

.|
TABULATION AFTER INTERFILING IS COMPLETE

STATION DATE VISIBILITY IN NAUTICAL MILES
Nas 26 MAY 2
cva 26 MAY 3
NAS 27 MAY 4
cve 27 MAY 6
NAS 28 MAY 2
cva 28 MAY 0
LY B3 29 MaY |
Cvo 29 MY 3
NAS 30 MAY 2
cva 30 MAY 3
NA&S 21 MAY ]
cve 2 MAY s
2 SCHEMATIC ILLUSTRATION

OF SORTING AND INTERFILING OF CARDS
AND TABULATION OF SELECTED DATA



2. INTERFILING OF DATA INTO A DESIRED RELATIONSHIP WITH OTHFR DATA is also an important
form of organization. Weather records filed chronologically for each station must be inter-
filed to organize data for a day by day study of an area. Although the sorter can be used for
interfiling, a machine more specifically designed for this purpose is the COLLATOR, which per-
forms such a task at a rate between 240 and 480 cards per minute. Fig 2c illustrates the
result of collation of the two sorted sets of cards of Fig. 2b.

Arrangement of data and interfiling are what might be called "punched card manipulation”
prior to presentation or Statistical analysis. Data so organized can be printed (listed) by
the tabulator. Fig. 2d illustrates a listing made by a tabulator which has been set up to
print station designatar, date., and visibility from cards sorted and interfiled into the order
desired in the final listing. An actual tabulation of sorted and interfiled radiosonde data,
prepared for Northern Hemisphere Historical Weather maps, is shown in Table I.

3. COMPARISONS OF NUMERICAL MAGNITUDES ON TWO SETS OF CARDS is an operation for which the
collator is also well adapted. It compares magnitudes of values either between observed data
and constants or between sets of observed data. For example, the latter could be utilized in
a comparison of 0630Z temperatures for each day at station NAS with the corresponding day's
0630Z temperatures at Station CVQ, resulting in separation of the cards for station NAS into
three groups: one with NAS temperatures higher than the corresponding temperatures at CVQ,
one with those lower than at CVQ, and the third with those equal to CVQ's. See Fig. 3b.
The two sets of cards are placed into the collator simultaneously and as each corresponding
pair is scanned the paired cards are directed to the appropriate group (Fig. 3b). Tabulation
of differences (Fig. 3c) will be considered in par. 7.

Comparison of a set of data with constants is applied to edit observation records for
validity or reasonableness by establishing standards within which valid or reasonable data
should fall. Air temperatures over 80 degrees Fahrenheit at Chicago in February would
obviously be questionable, as would temperatures of -40°F. These values might be determined
as limits of the acceptable range for observed temperatures for that station and month. The
questionable cards, representing either a dubious observation or an incorrectly punched card,
will then be rejected by the collator. In actual practice, the ranges and relationships set
up in the machines for selection of questionable data are much more restrictive and complex
than the simple example given above, and have been determined as a result of experience and
neteorological knowledge. Usually the interrelationships of several elements are critically
examined at the same time. Thus dew-point may be checked against observed air temperature
and wet bulb temperature. All Navy weather records are machine edited for accuracy and con-
sistency of observed data.

4. SELECTION OF SPECIFIC INFORMATION FROM LARGF QUANTITIES OF DATA is, so far as the
machines are concerned, a matter of comparing each card with values or combinations of values
upon which the selection is to be based. In a simple case, selection of the number of times
in a 20-year record when three condi tions, (rain, east wind. and dewpoint between 55° and 609
occurred together can be performed in a collator by establishing the given values as standards.
Any card whose data for wind, precipitation, and dewpoint fits these standards, that is, has
an east wind, rain and dewpoint between 55°F and 60°F, will be directed into one pocket: all
Other cards will go to another pocket.

Whereas Table I shows a listing of all data from every available card, Table II is a
listing of selected data from cards pulled out from a complete set. A study was to be made
of storms passing through the area 40° to 50°N. and 50° to 60°W., east of the New England
toast and south of Newfoundland. This area is designated as Marsden Square 150, according
0 a system of numbering 10° squares of latitude and longitude which is explained in the
fourth chapter on page 34. Investigation was to be made of the difference between air and
Sea-water temperatures for storms on the 13th, 14th, and 15th of September 1904. The elec-
trical circuits of the collator were so wired in the plugboard that any card bearing one of
those dates and any value of air-sea water temperature difference would be selected out. A
labulator then listed desired data from those selected cards.

As the collator can perform as many as 32 independent or related comparisons at a time,
Complicated combinations of criteria may be established for a process of selection.

5. TRANSLATION OF DATA INTO UNITS OF MEASUREMENT better suited for the particular study
beiﬂg made is a useful capability of machine punched card processing. By properly wiring the
Plugboarqg of a tabulator, a technician can cause it to print a wind direction, though it is
Punched in numerical or symbolic code, as N, SE, etc.

T



NAS - 26 MAY | [ cva-26 may

NAS - 27 MAY 1 [ cva-27 mav
NAS-28 MAY 1 [ cva-28 may
NAS -29 MAY | f cva-29 maY

ETC. ETC.
X
NAS-29 MAY
L S 1 COMPARISON OF CARD PAIRS
CVQ-29 MAY IN COLLATOR
NAS-ETC. 1
CVO-ETC
———d
NAS TEMPERATURE
| { |
HIGHER THAN EQUAL TO LESS THAN

cvQ's cva's CVQ'S

NAS - 26 MAY 1

CVQ =26 MAY |

NAS -27 MAY |
CVQ-27 MAY ]

NAS -28 MAY |
CVQ-28 MAY |

NAS -30 MAY 1
CVQ-30 MAY 1
NAS-3 JUNE -]
CVQ-3 JUNE ]
NAS -ETC

NAS - 29 MAY 1

CVQ -29 MAY 1

NAS -31 MAY ]

CVQ -31 MAY |

NAS-4 JUNE 1
CVQ-4 JUNE 1

NAS-ETC. Cve-ETC NAS -1 JUNE 1
b €VQ -1 JUNE 1
Cvo-ETC. NAS -2 JUNE 1
CvQ-2 JUNE 1
NAS -ETC.
cva-ETC.
TABULATION OF
NAS TEMPERATURE DIFFERENCE FROM CVQ'S
DATE *F
29 may +4
31 may +2
Y 4 JUNE +5
30 MAY o
3 JUNE o
26 MaY -7
27 May -4
28 MAY -1
{ JUNE -1
2 JUNE -5
FIG. 3 SCHEMATIC ILLUSTRATION

NF COMPARISON AND TABULATION OF DIFFERENCES



TABULATION

TABLE 1
OF SORTED AND
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RADIOSONDE AND RAWINSONDE DATA

3V -
£ ulo c35230223¢03 o
z - o
- -
3 .~ 2
o o
€ ." . -
-3 o »
m - . »
[ . »
- . K
- -
it 2 :
. ~
-~ .
> .
* e
I
3 e
v
A o
2 -
I A P
. memay
v  venaves an
B3 <3554 Ha
L I (S
33 >
m =|s °
- e
- l=
H B
R S el
3, 7|9 vesnancar~o P
§8 (5 ~353a2030855 o8 3

& sonanmannatr

3

3.

- - @  44004umesns  ssnnasnanaes easara asanaas
ARAA AARAR  INEINAATA  AAMRAR  AARRA  ATANTIR  AAYNA  BINNEAR  Am A 8 - ansamna Ansannawnen nAAn  anevmnen
9202939323389 00 ®a0e 000 222330933 406099 300930  ©Qm3m HICOVOC OO0 B~ G0 O $0000308000 230000880000 €000008 $00000 30830060
v o "
M .
Py o
- -
3 . 3 . s > - PR
> o . . > . > ¢ e
> . . . . - ¢ s
- " . - " » A w
. a . . s " - v = . ; R i
> . o . - . o "o
» - e . . v n o
. = - » . . " n
) » - - - -
» - - ~ Iy »
» » . » .
M b - - -
- - »e 2 2 coe oo eowooe - -
> . see > o .
» 1y > » 20 -
AORB RS TAE o B ans s 0vs OemuAn xn ser 0w . - . .
5333692733 65 > >53 2 000  msvena Ay 290md0 ° ) r RPN R .
SErWIAAMEE ¢ D ~eo 5 $om Promrv W3 cnanvo - ) °
€nBOrTrnNS o8 & e v Ave  Anrren - cconom ° - ©
SO O AT uE O men A aevY _ rrrwEId ¥ sanana - 3 -
2 0 Axe w oe ° v » v - . "
PSR P " - - - - . - -
o rae o an " - on v -
v reN o - ) ] »n - °
“a DRD ® - -~ » aon ~ o ° .
- »» *32 » 3 . e
> .o ese > oo e o -
~®snraKAanrat sevs  Omoew o ® “ARAGERA  QONRGAOR  SAREMO
“3Tacr00 Soce  o+oo® ve o SITONAIYT  AMAANET  AAvAIW
enAerITneI denn Pufne  andEn e aweed0 LI @O
IannceeeerdoNre ~QGa~Z  A@3n- -» ennvee vo a €06¢0090
AP IpRINAR~DS . %"wv>  #swmax =a3 220308 P A
vraeTtaR-ve~acO Ir30e  ACANONEL N #20000 =~00RO ONOOOA or o (LI
AresfoncennvAvae NOFBAN AOIENFEOAN sNOAECS ane Ao
003020000 m RN DOOMY ©ODOES QODYntrand GOmMARAN monme

A snane enoee . - weossedevenne
v - ARNAGNATARRRAAR ARARRA  ARaRe LA conesnannan
° ooooooooooo o eoocccooa0creeas cGocoe ae 2 -
o« - . - °
- -
* onvvew " oa
« moogwco L)
- o v e
- MR
P
. -r .
- ansr  Srrre rerrae .- e ° [t
Foobr swo ) eooecceo
anndn  wrOwm Anane . [3
m o enmw oanoe wnrwoe “ e L nArsne
- anAn  Atees rEARRA  Avaer re * ¥» . R eV EUr e
- le laolsae)xo " - FL ) 3 S LLEL] oo - + & a
T e e n mmn eevw - w - - AvTewn av - .
© depmmgavan amzeasr 8 en o eno  Dan © ee o - anvere »e ] » e
- 000 wmOQO~0 aun ann " T @ aAnnaan e - - -
© Tasnamnecnas 00000000 aneen 260wone ®me O ¥ [) VINRAAITRORY ARCOANF
" 900CNOIAMANMN A ~@s0e0IN® co0mn ce & = erHsLrIE R  vEedra
© Qeerovoccew o gRegRrERn veves - & = a CUBPANE VNIV  Supene
© ©eICRARNIO  w BmEQr WHe¥vAIAr aervo e O o . oot ot A
o 0000402000~ BRBEN ARARRAR AT A0GEEe  BNWAS e o fd - QOEINEA SURSUS
Ll casneatmans o avreNenAnTaBoAn seens  ersnemder wagryd oveso v e -
% conndsevaaen o “neAarvaOrAEVALY 0080n OveRrde-ol aveow “ e a BAEVPOARAOIN AOPINARS @t WA
© o0o0o0633500a0 o s00casaere8203e sre8uaORS onnon nooa L PHONOAw ettt Adddrins A AAN
- s.:cc:l:(.v avacavy PETRTYS o © - enanear wm - e v
T |- R R M EEERY T R an nee naa - ~ bakali ]
SKrVMODENY~ " on n ewo adw . ~ - 238332 %2 -
i3 PR-2°0:gebit- 20D J0d i e o FE T ? » ° %00 o -
.Vv.- - an 28v@4 ©OGODOVGOO Anea rocmn * R ne
194 - s00en " LIS enenNeO e ooy . Vep - b Aar . -
>~ LR LT T - PuMAaROsnodINn - aRand ANANSVOTA reeeen $ 000 o . s0a il -
- MO0OA  MrGwrAASr WRBYAY  AVeEE A .w - #30 v OemneesARan
v = 1!11!1&)1!‘ - MAOIQCARNANOHATH noNn » 60 no AwANNAARA fAennwn »noa60 08000~ o . e -
£l Tenenra AR - nooo> o000 stOmnsRGnY oooowe raanso o0oco000 g & . 29+ n o0ego0aq00OO [ TLLLLL
H #oosco00AMRrs o aoneema 00w CTAEFBOEA  ¢AGUrH  KOAWF  AOANNO wo & © ern o A nodvede
Y _PAssaacssss 4 ssssntepmarnenn RARR  RRARR  SSYITIVIY  eTMenT  MTIYA  AnAnew a ® hedndeliied Ak
- rene noress nenvon - © - .~ o ° YY) -
H - mae atancn ) - - - - -
3 coeven - LI ~ o~ov
©30na0 - a o o dnwue
- Sarean - encsan “ew «ne
o - o®®oe o ae nern
jad o ancene 113 o
- Lt coo arao
- onnanw Ao .
- AnnEenaSean @NNeRRNORAE ARD weevon ANMEO o ® © @Adve 8 ©0000TON00E 0GOOE A0G00EE 800SI0D Qoeo
H eveAnvenean eeneCOHeOnnevta L L e WA F N POBE 9 TANE-RGONASE BETT STAABIY  AEWE Ame vave
K3 00694003800 o 00“0330we0n330m @4B0000C000 0040w woowA Mt M M MRA® 0 AQHANHOHHAA  ARHR ARSANGE AAEAORS ROARE oo~
. - -~ - w
" = - s e
» - - -
° 320€©300M000MGID a - «
- @nCOONAYAOHenAG b a - .
trATRNANneTANDG o - - -
w W ° °
0o0LernsgOOYOTO a e v e
- 0o oem
o co
5 o3 EE



| s oe s st oo o oo et
X9 [ARAS o1 [ 474 L4tk v (P1|QS |ST |60 {PO |60 10SY
e 1 ¥10G € G |41 962 9 |0% 0L |ST |60 |¥O (80 OST
G _ 61— 124 {014 ¢ |01 (0% |ST |60 [P0 {80 0CT
[4 1 (4041 € 6G— 1dd 661 v (PTI |¥S (ST |60 (VO 180 0ST
1 1 G| V0 [ €G- 83¢ €00 € |v (OL|PI |60 (PO |LO [OST
T I €130 € 81— 9vc 1214 P |G {99 |P1 |60 (YO |LO 0ST
T G €|a S % 96¢ 8GaG p 12 |39 |P1 |60 (YO [90 OST
1 [4 €130 S 81— 8va 0¢€o € {g¢ (8% |¥T |60 |P0 |90 10ST
T 1 G o1- GSGC Sve c |e |08 ¥ |60 VO |SO 0ST
1 G S Ge- €So 853G ¥ | |¥S |PT |60 (VO [SO 10ST
v G S Q3 0¢co 8ve € |82 (29 |€1 160 [P0 [¥T 0ST
|4 0 |¢ S (119 GGo GSe v (8% |8S{E1 160 (PO (€T [0S
€ T G| 0% G 9 - vee 863 ¥ |0T |0S |1 {60 (VO (€0 0ST
€ €| 00 T o ves 603 S 10T |PS |ET {60 [P0 [€0 |OST
v ' L4 91~ 853 rd 44 ¥ |0€ {0l |€1 160 iv0 €0 10ST
v (4 € 80 ove 183 44 v |88[(99|€1|60|V0|P0 0ST
=
: =M R RS SR HE R
a an |B5|wnEn B sl 1B 313 8 | |TIBE mlx g (x|t IX|E R B3 a] §]T B|F [oT]e0T
o Qct S/t us Wﬂuw W - m " gl o) 0 er
[ +< o0 . IQW o Eisat s 1
[ad = B ] e
» <o ® 0 o O [ |et B (AR o)
o oc s ] . 0 | n =
) a HKT ® <\
® o e e o -
syIemay
auomhwmm UMMHM adued) 113 eayg UN N °df] D, danjexadua] u’ auw axenbs
oy BaN TV sanssaad a3 Spnor) o Ptk PUTM TL op SEN

‘061 ON V34V 34VNDS N3ASHVW NI
SAONINISHI0 FHUNLVHIMWIL HILVM VIS-HIV ONINIVLNOD
‘061 H3I8W31d3S
‘S1H0d38 SdIHS 40 NOILVYIN8Yl I 379Vl

t0



Similarly, temperatures punched in degrees Fahrenheit can be translated into their cen-
tigrade equivalents (or vice versa), then printed. counted. or used in further statistical
study. Therefore it is possible to combine information from cards of several weather-records
sources, in which elements have been punched in different units. The United States now has,
in addition to its own marine observation records, Dutch, British. and German Marine Observa-
tion Card Decks (a "deck” is a set of cards all of one type). Fig. 4 indicates that on the
futch and German cards temperature is punched in °C while on United States cards °F is used.
Furthermore, it will be noted that different columns are used for air temperatures on the
lnited States cards from those on the Dutch and German cards. To obtain the greatest amount
of information for climatic summaries over oceans, where observations are relatively few at
best, it is pecessary to combine all available records, which frequently involves translation
into uniform units.

The basic operations discussed up to this point are related primarily to preparing
quantities of observational information for the more complicated task, in statistical analy-
sis, by which weather records become climatic description. When (a) all data have been
checked for accuracy and reasonableness, (b) selection has been made of appropriate informa-
tion, (c) records from various sources have been translated into the same measurement units,
{d) sequenced, and (e) interfiled, they are ready for computation. Of course, this complete
succession of the five basic operations represents the maximum of likely .preliminaries to
further study; but it frequently mppens that some of the steps are unnecessary in preparation
for any further stuly; occasionally the cards may be already suitably arranged in their storage
files.

Counting, arithmetic summarization. and calculation of equations are functions of punched
card computing machines. Like the primarily organizational machines. each is designed specif-
ically for a certain job, in this case some type of computation. However. the newer machines
combine both organizing and computing functions and so can produce some form of statistical
analysis directly from relatively unorganized decks of cards. )

6. COUNTING THE OCCURRENCE OF DIFFFRENT MAGNITUDES OR CATFGORIFS OF A WEATHER FLEMENT
results in a frequency distribution, a form of representation being recognized more and more
as a valuable descriptive device for climatic elements. The simplest type of count, where a
veather state either has occurred or hasn't, is exemplified by tabulation of number of days
per month, or year, on which precipitation, of any kind. was observed. Only those punched
tards, fram the total far the required period. in which some form of precipitation is recorded,
vould be counted. A somewhat more detailed picture could be obtained by counting the number
of occurrences of individual conditions, such as the number of times each form of precipitation
¥as observed during the period. For those weather elements such as temperatures, whose range
1s too wide to permit the oounting of occurrences by individual units of measurement, enumera-
tion is made by groups of units.

¥hep punched cards have been sorted, and grouped if necessary, counts of occurrence are
2ade by a tabulator. However, both organizing and counting can be accomplished by the
FLECTRONIC STATISTICAL MACHINE, which combines some of the operations of sorter and tabulator.

Table III is a one-way frequency distribution of the January daily maximum temperatures
fer a period of 20 years at Lakehurst, N. J. As the January punched cards containing the
fummary of each day's weather passed through a (tabulating) machine, maximum temperatures
¥ithin each of the selected 6-degree temperature groups were counted and the total number
n each group printed.

Such an analysis gives a much more complete picture of maximum temperatures than would
dsingle figure, such as the mean, or the mean plus a range. Here the mean is 40°F but the
trequency distribution shows that on only 147 January days in 20 years was the maximum tem-
Yrature in the same 6-degree group as the mean. It can be seen from the distribution,
though, that occurrences in that group were about 3 times as frequent as in that from 56 to

Accumulating total counts through each class provides further information about a dis-
ribution. This operation, a form of counting, is a function of tabulating machines. Accu-
®lated frequencies of occurrence, listed in Table III, indicate that maximum temperatures
below freezing have been recorded on 128 January days .in 20 years at Lakehurst.

The actual numbers of days mentioned above, 147 and 128, take on different meanings when
“mpared with the total number of January days in 20 years. In making such a comparison,
1.€. 147 against 620, one is mentally estimating a ratioc or percentage. Or, if the numbers
° occurrences in 20 years were divided by 20, average number of days in January with maximum
*Mperature in each 6-degree temperature group could be compared mentally with the total
‘imher of days in January. These calculations can be performed and tabulated by machines:
» Since they involve division, they are considered under arithmetic computation capabilities
Punched card machines in the next section.
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TABLE II FREQUENCY DISTRIBUTION
OF JANUARY DAILY MAXIMUM TEMPERATURES
LAKEHURST, N. J. 1926-1945.

Temperature 8 14 20 26 32 38 44 50 56 62 68 74
°F to to to to to to to to to to to to
13 19 25 31 37 43 49 55 61 67 73 79

Frequency 2 11 40 75 (127 | 147 82 72 47 12 4 1

Acc, Freq. 2 13 53 | 128 |255 | 402 |484 | 556 [603 | 615 | 619 |620

Unfavorable conditions of several weather elements often limit operations whereas a
imilar condition of any one element alone might not. A common example is one criterion
or visual flight clearance requiring the simultaneous occurrence of at least 1000-foot
eiling and 3 miles visibility. Table IV is a tabulation, for Salt Lake City, made to aid

7. ADDITION, SUBTRACTION, MULTIPLICATION, AND DIVISION are the fundamental operations
f the machines. The basic operations discussed so far have required only the one arithmetic
rocess of ADDITION. Differences, products, and quotients may also be derived through machine
omputations, even though their identity may be partially obscured by such terms as range,
eviation, or rate. Calculation of seemingly more complex statistical summaries of sets of
ata, such as means, percentages, average frequencies. and so on, amounts to nothing more
han combination of several of the fundamental processes in sequence.

Fig. 3c (already shown) represents a listing of numerical differences in 0630Z temperature
0r corresponding days at NAS and CVQ. Following comparison in the collator and separation
into three groups, the pairs of cards were passed through a TABULATOR, which consists of a
Finting unit, a device to count punched cards, and also an adding-subtracting machine. When
rocessing card pairs in the group where NAS temperatures were higher than CVQ's, the machine
a5 set to indicate possitive difference and the CWQ temperature was subtracted from that of
AS: when NAS temperatures were lower than CVQ's, the machine was set to indicate negative
Iference and NAS temperatures were subtracted from CVQ's. Speed of calculation, in this
ase 75 differences per minute, is the main advantage of tabulator processing.

Frequency of occurrence is often more easily visualized, in describing climate, either
S a percentage or as an average number for a standard period. Comparing individual fre-
lencies with total number of occurrences, that is, division by machine and tabulation of
Uotients as percents, produces a percentage frequency distribution. According to Table v,
aXimum daily January temperature at Lakehurst of 38 - 43°F occurred 147 times in 20 years,
"ich was 23.7 percent of all January maximum temperature observations in that period. From
he accumulated percentage frequency it is evident that 128 days with maximum temperature
low freezing is equivalent to 20.6 percent of the 20 Januarys considered.

The original frequency distribution can be converted. throuwgh division by 20, into average
Umber of days in January with temperature in each group. Such a summary is valuable but can
® misleading. Maximum temperature in the 8-13°F group occurred an average of one day in ten
dnuarys, yet it is quite possible that the 2 readings in 20 years in this group were observed
Uring a cold period in a single year.

Arithmetic operations of multiplication and division, as well as addition and subtraction,
Performed on a CALCULATING PUNCH or an ELECTRONIC CALCULATING PUNCH. While the older
Chines mltiply ad divide by US ing mechanical counters, multiplication being rapid addition,
% divigion rapid subtraction, newer mschines utilize vacuum tubes and usually bear the
®Scriptive word "electronic” in their names. The term "punch” indicates that computed data
an be punched, by a unit in the machine or attached to the machine, into the original card

a card used to retain the summary of data from many cards. Since these sachines have
r ing unit, the tabulator sust be used for this operation, obtaining data to be printed
% either the origimal or Susmary cards into which computed data has been punched.
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TABLE I

MULTI-WAY FREQUENCY DISTRIBUTION OF CEILING,

£

VISIBILITY, AND WIND SPEED FOR NORTHEAST WINDS,
SALT LAKE CITY, UTAH.

(JANUARY 1934 THRU DECEMBER 1941 — JANUARY 1948 THRU DECEMBER 1950)

DIR,

STATION NAME
CEIL.GRPS [VEL. GRPS

IN FEET IN MILES [0-1/4

1/4-1/2

1/2-3/4

__PERIOD_OF RECORD
v (-MILES

3/4-1

1-1 1/2

1 1/2-

TOTAL
OBSERVATIONS

NE

01-04 1
05-09 1
10-14
1000 15-30

O] =N

12
4
2

31
14

848
276

898
871
280

83

18

45

2154

b
2231

KE

01-04
105--09
600 10-14
thru 15-30

N

oY

Y 0O

IS

ITOTAL

15

NE

01-04
105-09
0-14
500 5-30
30

[TOTAL

01-04
[05-09
10-14
400 15-30

 TOTAL

NE

01-04 1
05-09
10-14
300 15-30
30

01-04
05-09
110-14
15-30

[l

oTaL

01-04 7
05-09

’ 10-14
100 15-30

30
[TOTAL K

TOTAL BY

VISIBILITY GROUPS 10

3

14

VELOCITY GROUPS

114, |

TOTAL BY
VELOCITY GROUPS

820

% BY
VELOCITY GROGPS

40.8

$ 12,5
e




TABLE X

MAXIMUM TEMPERATURES FOR

FREQUENCY, PERCENTAGE FREQUENCY,
AND AVERAGE FREQUENCY DISTRIBUTIONS OF JANUARY DAILY

LAKEHURST, N. J., 1926 — 1945

msnamne

Temperature 8 14 20 26 32 38 44 50 56 62 68 74

°F to| to| to| to| to| to| to| to| to| to]| tol to
13 19 25 31 37 43 49 55 61 67 73 79

Frequency 2 11 40 75| 127 147 82 72 47 12 4 1

Percentage

Frequency 0.311.816.4(12.1(20.5(23.7(13.2|11.6] 7.6] 1.9] 0.7 0.2

Accumulated

Percentage 0.312.118.5{20.6{41.1164.8/78.0{89.6({97.2199.1 99.8*100.0

Frequency

Average No.

of days in .1 .512.0] 3.2 6.4] 7.4| 4.1] 3.6| 2.4 6 .2 05

January

A frequency and percentage occurrence tabulation for simultaneous observation of Low
loud (L.C.) amounts and specified conditions of sea, wind, and visibility, shown in Table VI,
llustrates the fact that multiway distributions can be presented in different forms depending

0 the use to be made of them.

"5 tenths, 6-8 tenmths,
tablished for comditions I, II, and IIX, Table VI.

At a glance the percentages of past observations recording
redetermined categories of operational conditions are evident.

uare were separated into two groups.

(a.1.) Visibility one mile or more
(2a.2.) Visibility one-half mile or more but less than one mile, and
(a.3.) Visibility less than one-half mile

The last group was then excluded from the investigation.
Then the cards of group (b) were separated into two groups

(b.1.) Those havinog visibilities less than one-half mile and
(b.2.) Those baving visibilities ome-balf mile or more.

The latter group was then excluded from the investigation.

The cards in each Marsden

(a) Seas 20 feet or less and winds 47 knots or less (Beaufort Force nine) and
(b) Seas greater than 20 feet and winds greater than 47 knots (Beaufort Force nine)

Then the cards of group (a) were separated into three groups of visibilities

The three groups a.l., a.2., and b.1. were then individually separated into groups having
and 9-10 tenths cloudiness. These then satisfied the criteria

The counts of simultaneous occurrence, automatically punched into summary cards, were
Ivided op a calculating punch by the Grand Total number of cbservations to obtain the per-
itages of occurrence. -A run of the sumsary cards through the tabulator then printed the
‘Quency and percentage of occurrence.

A calculating -id;hb can be wired to follow through automatically s sequence of arith-
ic operations to a msximum of 40 steps.

Yor example,
‘sure levels can be computed from upper-sir cards ¢
els, heights, and temperatures. The calculsting punc

temperature lapse rate between two
oatatalog obwerved data of pressure
h can first find the temperature and

1eht' q1fferences betwsen selected levels. Then the temperature difference can be divided

height @ifference to give the tesperaturs

5
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Producing summaries involving a sequence of arithmetic operations increases the amount
of information that can be extracted from a multiway distribution. Thus from Table VII one

can read not only the frequency of any simultaneous occurrence of wind force and direction
put also:

a. Percentage and accumulated percentage of total number of observations with
wind of any force; e.g. Force 3 winds were observed 25.3 percent and winds
Force 3 and less occurred 57.4 percent of all observations;

b. Number of observations and percentage of observations with wind from any
directiom e.g. SE wind occurred 26 times or 13.7 percent of all wind observations:

¢. Total wind force (sum of wind forces) and average force from any direction:
e.g. average wind force from E was Beaufort 3.2. (Beaufort Force to tenths may
be a new concept to many. It can be translated roughly into average speed in
knots by interpolating between the midpoints of the two adjacent whole number
Forces)

8. SOLVING EQUATIONS OR PARTS OF EQUATIONS. Since many equations are solved by funda-
mental arithmetic operatians, individually or in combinations, their solutions can be obtained
by machine analysis of punched card data. Most complex equations reduce to a series of
simple parts, hence can be solved part by part until apn integration of the partial solutions
gives the solution to the original equation. The rapidity with which the machines work makes
them ideal for computing numerous solutions to an equation by substituting different values
for variables and following pre-established sequences of the fundamental operations.

The effect of the shearing force of the wind on water surfaces is important in studies of
ocean currents and the build-up of heavy seas and swells. An investigation of the stresses
usually involves a breakdown into directional components. The equations used for average
vind shear or stress in Aptarctic waters are:

n
'TE: 7% '21 CTE) dynes/cmz for west-east component (1)
iz i
and
— n
Th = L X (TL) dynes / cm? for south-north component (2)
t=) i

Calculat ing the AVERAGE stresses reduces to division, by the total number of observations,
of the sum of INDIVIDUAL stresses, TE and Ty.
Equations fa the individual stresses are:

TE = I(E Ud dynes/cn@ for west-east component (3)
and
Th :I(N U2 dynes/cm2 for south-north component (4)

shere Kg and Ky are previously determined functions of wind speed and direction comprising
the product of a squared drag coefficient, the air density, and a proportionality constant,
an¢ u is the observed wind speed in knots. To compute the values of Tg and Ty, all punched
targs containing surface wind data were sorted by 5° Latitude and Longitude quadrangles (unit
rez for which average stresses were to be computed) by months, and separated into sixteen
"ind direction groups: each wind speed was squared and multiplied by the appropriate value
®f g or Ky obtained from prepared tables. These computed individual stresses were averaged,
funched into summary cards, then printed by a tabulator in the form shown in Table VIII.

The separate steps of sorting and separating, squaring (multiplying), multiplying, adding,
d dividing, punching summary cards, then printing, might have been done on a series of
%chkines each having one or two special functions. The entire calculation and printing,
fﬂlowing sorting and separation, could also have been accomplished, without transfer of
tards from one machine to another, by a CARD PROGRAMMED CALCULATOR (CPC), which consists
o an electronic calculating punch with which are interconnected, by electrical cables, a
‘abulator and an auxiliary factor storage unit for holding values until they are needed.
The cards pass through the tabulator unit only. Sequences of steps are "programmed' or
eleCtrically controlled by special punched cards which contain "instructions”, i.e., direct
e electrical circuits through the plugboard. A CPC can solve a large variety of relatively
tomplex mathematical and statistical problems.
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TABLE MII

ANTARCTIC WIND STRESS

COMPUTATIONS

1 2 3 4 3 6 T 8
0
7 65 25 01 1.10 .87- 9
o 7 65 30 ol 1.37 .33 45
T 65 35 0l 1.82 1.02- 47
~— N
~ 7 65 40 01 3.70 1.54- 132
G T 65 45 (03 1.54 .20- 236 S
7 65 49 02 6.12 2,59~ 1
C 7 65 45 12 1.03- 1.27 9
o) 7 65 50 01 .95 .32 23 1
7 65 51 02 1.06- 1.26- 9
© 7 65 51 12 . 58- 35— 43
1. Octant of the Globe 5. Te (West—east stress)
2, Latitude 6. Ty (South-north stress)
3. Longitude 7. o Number of Observations
4. Mouth of Year 8. onc Number of Calms

O O O o O O O

This section has been limited to a very general discussion of cards and machines because
it is not the purpose of this publication to provide technical instructions on the operation
ind maintenance of machines and the specific and refined procedures which can be applied to
nachine operation to obtain desired information.

Manuals of this latter type are available.



CHAPTER III.

APPLICATION OF MACHINE~ANALYZED CLIMATIC DATA TO ROUTINE
TASKS AND SPECIAL PROBLEMS

Records now available of millions of weather observations can provide valuable climatic
tools for the aerologist in carrying out routine forecasting and planning tasks and car be
helpfully used as supporting evidence in the solution of special problems. Emphasis 1s
placed upon '"'machine analysis" because only with modern mechanical processing of data could
a program of applied climatology be possible for the Navy. Although much remains to be done
to take full advantage of climatic information now available, the Navy is progressing rapidly
along two general lines in the practical utilization of this information.

A. ROUTINE ANALYSIS AND TABULATIONS constitute the major portion of the work of the
National Weather Records Center. Summaries of weather data for each Naval station for which
aerological records exist have been prepared as forecasting aids. The first series of such:
summaries covered the period of record through January 1945 for all stations which had a
record of at least one year. This summary of monthly Aerological Records included tabulations
of frequencies of occurrence for clouds, ceiling, visibility, wind, precipitation, tempera-
ture, and specified flying conditions especially as they influenced flying. Table IX is a
page from the #3 S.0.M.A.R. of frequencies of specified ceiling heights at Pensaccla, Florida.
A new type of summarization, emphasizing the frequency of simultaneous occurrence of weather
elements, is being tested and should be in preparation for all stations during the next year.

An important and continuing phase of routine tabulation and analysis is the preparation
of statistical summaries for presentation of climatic information in atlases. Of special
importance to Naval Aerologists is the compilation of maps of climate elements in marine
geographies of operating areas, atlases, and National Intelligence Surveys of marine regions.
The principal source of climate information available to the aerologist has been, until
recently, the Atlas of Climatic Charts of the Oceans and several collections of climate
charts, often reprints of fareign publications, which served needs of World War II, especially
in the Pacific Ocean. While these were the best compilations possible at the time they were
completed, greatly increased numbers of observation records coupled with increasing knowledge
of statistical characteristics and treatment of climatic data have since opened the way 10
more accurate and detailed summarization. The Atlas of Climatic Charts of the Oceans, pub-
lished in 1938, utilized roughly 5 1/2 million observations dated mainly between 1885 arnd
1933. All observations were timed at Greenwich Noon so that a 24-hour local time variaticr
was introduced onto the world charts: mean temperatures in the Atlantic Ocean were for dav-
light hours while those in the Pacific Ocean were for night hours. A subsequent fourfolé
increase in the daily number of observations provides adequate data for frequency distribu-
tions to supplement mean values and for attempting diurnal variation analyses or at leas!
dailly mean values instead of means for one hour of the day. Greater detail in the observa-
tion reports of the last 20 years makes possible the charting of simultaneous occurrence of
two or more weather elements. The ultimate goal of present climate-study programs is world-
wide coverage utilizing available data to the fullest extent to aid the aerologist in dailf
routine and in planning for special operations.

B. SPK'IAL ANALYSES AND TABULATIONS FOR RFSFARCH AND PLANNING PROGRAMS are of two types
First, the programs of routine tabulation are new: therefore, for support of operation plar-
ners it may be necessary to prepare special studies to provide the climatic information whﬂh
in time will be available in tabulated summaries and in atlases. Second, research and planniné
often require specific non-routine combinations of features of several climatic elements
or further, in the case of research, special statistical treatment of climatic data. A fe¥
of the capabilities of punched card machines have been described and illustrated in Cha??er
11, emphasizing the tabulated results. Although for some purposes a listing of observatic®
records is desirable, the majority of needs for special analyses and tabulations are answeré’
by frequency distributions of one or more climatic element(s) or of solutions to equati”ni
Fach prdblem requires that special procedures of machine analysis and tabulation be develope®:
Specifications for information desired must be very clear and exact to insure that the tabt”
lation meets the need of the user. Interpretation of tabulated results of machine analys®
and their application to the solution of the problem are carried out by the researche’:
machine analysis and tabulation merely organizes and summarizes data to put it in a fore
suitable for application to a problem. Following are listed, and some discussed briefly:
a few problems for which special machine tabulations have been made:
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TABLE X PERCENTAGE OCCURRENCE OF WIND IN KNOTS
WITH TEMPERATURE IN DEGREES FAHRENHEIT.

WIND IN KNOTS

- X X+5 X+10 X+15 etc.

B .
IR ¢ 4 2 1 3
- QO
o B | Yo+2 1 2 1 4
o
2= yv°4+4 3 1 2 0
e
g‘g Y°+6 1 3 0 1
g
g g etc.

1. For a study of the effect of high winds (above X knots) together with
temperature (above Y°F.) on the path of a projectile (or guided missile),
a two-way percentage occurrence distribution of various wind speeds and
temperatures at and above the critical values provides climatic guidance
in terms of past simultaneous occurrence. Table X illustrates a form which
the tabulation could take, the intervals of each class of wind and tempera-
ture depending on the units in which the original observat ions were recorded
(i.e. wind may be recorded in Beaufort Force) and the detail needed in the
use of the data.

Insofar as the machine tabulations are concerned the processes involved in this problen!
are identical with most in which a two-way frequency distribution is the result. The ma jor |
differences from problem to problem are the headings and class intervals. Several cther
examples of special problems for which a two-way distribution might b® made are:

2. Research into correlation of pressure change alcoft with changes in
surface weather.

3. Tabulation of simultaneous occurrence, by months, of any form of pre-
cipitation (including drizzle) with surface temperature 32°F or less.

4. Tabulations of Relative Humidity (X% and above) occurring with tem-
perature (Y°F and higher), to be used in aircraft engine design.

5. Sea state and swell conditions, tabulated in accordance with limits
for landing-craft operations.

Two possible ways of tabulating simultaneous occurrence of more than two elements have |

been illustrated in Chapter II, Tables IV and VI. Several further examples of tabulations
are:

6. Simultaneous occurrence of 5000-foot wind direction and velocity with
surface wind direction and velocity.

7. Simultaneous conditions of wind, seas, visibility, and low cloud amount.

8. Duration in hours of ceiling below X feet together with visibility below
Y miles. Table XI is an example of such a tabulation where in Condition 1,
ceiling was 1000 feet or higher and visibility 3 miles or more:; Condition 2,
ceiling was less than 1000 feet but not less than 500 feet and visibility
less than 3 miles but not less than 1 mile; and Condition 3 ceiling was
less than 500 feet and visibility less than 1 mile. Under "T" are
total number of observations.

Often the most complicated tabulations are derived through solution of equations. én
example of solving an equation was given in Chapter II, section 8. Furthermore, there i
little similarity among these tabulations, so a typical one cannot be illustrated. other
machine analyses involving solution of equations include:

9. Calculation of Upper Air Density from radiosonde data.
22




TABLE XI PERCENTAGE OCCURRENCES OF FLYING CONDITIONS
FOR INDIVIDUAL MONTHS
AACHEN AND FRANKFURT, GERMANY

AACHEN ALL HOURS HOUR 14 HOUR 19
1 2 3 T 1 2 3 T 1 2 3 T
10407 1 35.2 31.7 33.0 627 39.0 35.2 25.7 210 37.6 26.9 36,1 208
2 41.9 27.4 30.8 585 42.3 32.0 25.8 194 49.5 25.0 25.5 196
3 46.9 30.3 22.9 638 46.9 34.7 18.3 213 55.9 28.6 15.5 213
14 41.0 36.2 22.8 527 39.1 46.0 14.9 174 49.4 33.0 17.6 176
5 51.7 32.0 16.2 543 52.2 37.8 10.0 180 57.5 34.3 8.3 181
6 62.2 27.9 9.9 527 61.8 32.0 6.2 178 64.0 30.2 5.8 172
7 56.0 36.3 7.7 452 53.3 42.0 4.7 150 65.8 29.5 4.7 149
8 59.9 24.3 15.8 461 64.7 27.5 7.8 153 69.5 26.6 3.9 154
9 64.4 24.3 11.3 444 65.1 28.8 6.2 146 76.0 18.7 5.3 150
10 49.8 25.2 25.0 456 53.3 30.0 16.7 150 53.6 23.5 22.9 153
11 41.5 29.2 29,2 448 48.0 26.7 25.3 150 39.6 30.9 29.5 149
12 40.4 26.3 33.3 460 46.1 26.3 27.6 152 35.7 26.6 37.7 154
FRANKFURT AM ALL HOURS HOUR 14 HOUR 19
1 2 3 T 1 2 3 T 1 2 3 T
10412 1 25.0 30.8 44.2 893 29.3 24.3 46.4 304 25.5 35.0 39.5 386
2 37.1 26.7 36.1 819 46.2 27.6 26.2 279 39.8 27.2 33.0 261
3 48.9 24.3 26.8 926 52.1 29.4 18.4 309 59.7 22.4 17.9 308
4 53.6 33.7 12.7 893 51.9 41.7 6.4 295 62.7 32.7 4.7 300
5 67.1 24.7 8.2 927 64.0 33.1 2.9 308 75.7 21.7 2.6 309
6 75.3 19.3 5.5 898 70.6 25.8 3.7 299 81.3 16.0 2.7 300
7 68.6 22.7 8.6 928 68.3 29.4 2.3 309 78.3 19.1 2.6 309
8 70.8 18.1 11.1 924 74.9 20.8 4.2 307 78.2 18.5 3.2 308
9 61.8 18.6 19.5 891 66.9 24.0 9.1 296 72.4 17.8 9.8 297
10 40.5 28.8 30.7 892 47.1 35.3 17.6 306 45.7 26.8 27.5 276
11 28.0 22.8 49.2 865 32.4 24.4 43.1 299 32.1 24.3 43.7 268
12 27.1 22.9 49.9 B899 32.1 21.1 46.8 308 27.6 24.4 48.1 283

10. Calculation of Radio-climatology data for Electronics Research from
radiosonde records.

11. Calxulation of cross-wind, head-wind,or tail-wind components at various
altitudes on selected air routes.

C. UTILIZING TABULATED CLIMATIC DATA

Results of machine analysis of weather data contained in punched cards are always furnished
In tabular form. As illustrated in the preceding pages, these tabulations range in content
from listing of arranged observation reports to solutions of complex equations. The format
for a tabulation varies with both the character of data tabulated and the use to which the
data are expected to be put. Such data can be used directly in numerical and tabular form

! Or be presented for visual impression by a variety of graphical methods.

TABULAR FORM. When a table is to be the final product, the tabulator prints the data on
2 prepared blank form. A table may be included with graphic presentations of data to provide
fxact or supplementary information. An illustration of this use is Table I, "Radiosonde and
Rawinsonde Data'", which is bound in the publication "Daily Series of Synoptic Weather Maps of
the Northern Hemisphere". Or, a table may be used as a source of specific information: an
dtrologist would like to know the percentage of observations during January in which the ceil-
Ing was below visual flight rule limits: the first two columns of Table IX would give the
answer. The new weather summary table now being tested will list frequency of simultaneous
Occurrence of specified ceilings with wind direction and speed, and visibility.

GRAPRIC . When the tabulations provide raw data for further analysis on graphic
reD!‘esentatiggmt‘hey are printed by the tabulator on lined paper and accompanied bg : :ez
Page explaining the organization of material. Such graphic presentation, of the tabulate
data ag may be selected or devised by the user, is the best means of emphasizing on napg
the rélationship of climatic features to their geographical location and the comparison o
Variation of climatic elements with locatien: it best achieves emphasis of salient features
and trends of tabulated data: and it is often the best approach to problems where direction

1S one of the variables.
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FOR CEILINGS OF 200 FEET OR LESS
AT SALT LAKE CITY, UTAH.
(TEN YEAR PERIOD)

SPEED IN KNOTS

Calm 1-4 5-9 10-14 15-30 30 Total
x 5.3 1.5 4.0 1.5 ' 12.3
NE 3.0 0.8 1.4 0.4 5.6
E 3.6 0.8 0.9 5.3
SE 7.3 3.2 2.1 12.6
8 10.5 2.2 1.1 0.4 14.2
sSw 10.5 1.0 0.8 0.0 0.6 12.9
w 9.0 2.4 1.0 0.6 0.6 13.6
NW 8.2 3.4 2.8 3.6 18.0
Calm 5.5 5.5
Total 5.5 57.4 15.3 14.1 6.5 1.2
Accumulated Total 5.5 62.9 78.2 92.3 98.8 100.0 100.0

Analysis of simultaneous occurrence of wind direction and speed with other weather ele-
ments is often necessary in dealing with specific problems, such as planning a runway for bad-
weather operations. At some airports an Instrument Landing System (ILS) may be used when the
ceilings are below 500 but not below 200 feet; when the ceilings are 200 feet or lower a
Ground Controlled Approach (GCA) must be used. These landing aids used during low ceiling
conditions are usually set up for only one runway because of their expense. From climatic
data can be obtained the percentage of low ceilings for each wind direction and speed, in-
formation upon which the choice of runway can be based. Allowable crosswind for landing by
GCA is a critical factor in choosing the runway. In the illustration Fig. 5, the maximus
allowable cross-wind is 14 knots; this value depends upon the physical characteristics of
the airport, the handling characteristics of the aircraft expected to use the system, and the
ability of the pilots.

Table XII is a tabulation of the wind-ceiling correlation for ceilings of 200 feet and
less. The table immediately shows that any runway will provide an efficiency of at least
92.3%, i.e., the percentage of winds below 15 knots. The runway chosen will then be that on
which the highest percentage of the remaining winds produce less than 15 knots cross-wind
components, most easily determined by a graphical method illustrated in Fig. 5. It is accoe-
plished in the following manner: On a wind rose consisting of concentric sector areas to
eight points of the compass and limited by the class intervals of the table, the percentages
in Table XI are placed in their respective areas. Then a transparent template twice the width
of the limiting cross wind, 15 knots, is centered for rotation at the wind rose center.
Summation of percentages under the template gives the efficiency of a runway having the sanse
orientation as the template. Several summations will permit the selection of maximum effi-
ciency. In fact, integration by eye will often permit a rapid approximation of the desired
orientation. In this case maximum efficiency of about 97% will be obtained on a runvay
oriented in a NNW-SSE direction although it will be only a few percent more than any other
runway .

A great variety ot histograms and line graphs aid the interpretation of tabulated dats,
especially in extraction of approximate values interpolated from exact data and in emphasiz-
ing trends and distribution by visual impression. Aerologists are all familiar with graphic
presentation of climatic information in atlases which show areal distribution by shadings and
isolines and month-to-month trends by histograms and line graphs, and could similarly treat
tabulated data for their own use.

D. CLIMATOLOGICAL STATISTICS

With increased amounts of observatiopal records and more knowledge of the characteristics
of weather elements' behavior, more detailed statistical treatments of climate are possibl&
Punched cards and machines, performing statistical analysis which time and cost of manusl
methods had previously made impractical, are opening new channels of understanding and ©
“applied climatology". Until very recently, climatological statistics consisted for the
most part of simple mean values, such as mean monthly temperature and precipitation, ap
mean number of days of occurrence of fog, thunderstorms, and so on. Mean values provide
the basis for early climate classifications, which served to delimit areas of similar meal
climatic characteristics but were recognized as only very rough guides in planning and ©
almost no value in forecasting. Slowly more comprehensive statistical values were added 10
climatic description steadily encouraging the application of knowledge of climate to specific
problems. Frequencies and durations of occurrence, simultaneous occurrence of two of moreé
weather elements, correlation of conditions at several places, and most recently, probtbiliﬂ
or chance of occurrence now can be statistically reduced where guantity of data i8 large
enough and suitable for such analysis. 24
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Thus, for temperature, the following detail of information can be extracted from punchwl

card weather records:

Monthly mean

Monthly mean daily maximum

Monthly mean daily minimum

Frequency of occurrence of daily maximum and of daily minimum

Accumulated and Percentage frequency of occurrence of daily maximum and daily minimum

Frequency of daily range

Frequency of duration of temp. higher than X°F. or lower than Y°F

Probability or chance of recording temperature lower than X°F., higher than Y°F., or
between X°F, and Y°F

Frequency of simultaneous occurrence of temperature at A and B

Similar statistical analyses of other climatic elements and their correlations can noy
readily provide much more complete and usable climate descriptions for application to routine
tasks and special problems than has ever before been available.
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CHAPTER 1V.

THE NATIONAL WEATHER RECORDS CFNTFR

A. CONCEPTION AND PURPOSE

Preparation of climatic information necessary for planning operations in World War IX
vas hampered by the fact that American weather records were scattered all over the country
in files of various Weather Bureau offices, government agencies, private organizations, and
each armed service. At that time, the only way different centers could produce climatic
summaries was by costly and time-consuming copying and exchange of records., Under the pressure
of wartime needs it soon became abundantly clear that if the greatest public benefits were
to be determined from these records, for peacetime as well as wartime purposes, they must all
be collected and kept at a central location. Following several interinm arrangements, final
establishment of the National Weather Records Center (NWRC) at Asheville, North Carolina, was
completed in May 1952. This center is operated by the U. S. Weather Bureau, U. S. Navy, and
U. 8. Air Force as a joint activity. The records are maintained at the NWRC by delegation
of authority from General Services Administration, National Archives. The purposes of the
NWRC are:

1) to assemble and make accessible to users at a central location a complete library of
veather records from the United States and from as many foreign sources as possible:

2) to concentrate effort and effectiveness of funds of participating agencies by combin-
ing processing facilities to eliminate need for duplication of records, punch card files, and
tabulations;

3) to benefit through interchange of statistical methods. processing techniques, and
results of machine analysis.

In order to achieve these purposes the National Weather Records Center has initiated a
tvo-fold program for acquisition of weather records: 1) collecting past weather data for
periods as long as available, and 2) maintaining and enlarging collections of current obser-
Vational reports. Both phases involve data in the form of original records, including auto-
graphic sheets, microfilm copies, and punched cards. Weather records from the numerous filing
Centers in the United States have been transferred for centralized filing at the NWRC. All
Current national records are sent periodically to the NWRC. The Weather Bureau, Air Force,
and Navy contribute most while other government organizations, such as the CAA, Soil Conserva-
tion Service, and many state, county, and city agencies, and private institutions, notably the
nrlineS, also deposit their records. Foreign records are obtained for the Northern Hemisphere
¥eather map projects and also through the climatic data program of the World Meteorqlogical
Organization. Marine weather records are increasing from the Navy, commercial shipping, and
foreign sources.

The basic aim of the weather records acquisition program is to have as complete coverage
9f the world for as long a period as possible. Major gaps exist, some for areas sparsely
2habited or infrequently travelled, others for periods of time. A good example of the latter
s the lack of records of marine weather observations made during the years of World War II.
TOh‘-‘lp remove this deficiency the Navy is selecting representative observations from Quarter-
Wsters' logs and placing the data in punched cards.

B. RECORDS AT NATIONAL WEATHER RECORDS CFNTER

iginal observa-
The major portion of records in the National Weather Records Center are or
tion formg and microfilm copies. In some cases only the latter are obtainable. When the
riginal records are sent to the Center, some (e.g. all Navy observation forms) are micro-
fi1me g as a matter of routine, while microfilm copies of others are made only on request.
"¢ of the services of the NWRC is to provide microfilm copies of weather records at cost
' those who need the bamic observation data.
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The most important "working" records are the punched cards. Records from United Stntesl
stations within and outside the country predominate in numbers, detail, and frequency ofi
observations. Although the longest possible record is desirable for analysis, the volume oﬁ
current data which must be punched into cards from the original observation forms sent to|
the Center has made impracticable the transfer of individual data of past years to puncheq
cards. Therefore, except some data which has been punched for special projects, records of |
observations prior to about 1945 are on punched cards only as summaries of previously performed:
manual tabulations. Important exceptions are Naval Air Station records placed in punched
card form to produce station climatic summaries, Air Force records, marine observations:
obtained by reproducing British, Dutch, and German punched card decks, and several hundred:
U. S. Stations prepared for use in the Northern Hemisphere Historical Synoptic Weather Maps
series and for special research problems. : :

In contrast, most punched card records for foreign stations are pre-World War II. Most
of these were punched to prepare summaries needed during wartime operations. The only current
records from foreign countries being transferred to punched cards are those for about 1000
stations regularly received in the U. S. in conjunction with preparation of Northern Hemis-
phere Daily Synoptic Weather Maps. After the data have been plotted on the maps, the records
are sent to the NWRC for microfilming, punching into cards, and filing.

The punched card library now contains almost 200 million cards in decks including a great
variety of combinations of weather elements, surface and upper air. Punched cards of current
weather records are increasing the stock at a rate of twenty million a year. WBAN forms 104
and 10B and the punched card containing the first observation of the day are i1llustrated in
Fig. 6. One card represents one observation. A WBAN 20A and the punched cards containing
the standard level data from it are shown in Fig. 7. The lower card holds the data from the
surface through 11,000 meters and is8 identified in the machine by the "1" punched in column 19;
the upper card is for levels 12,000 through 26,000 meters. Fig. 8 is WBAN 31A with two of the
four cards necessary for a radiosonde observation extending to 400 mbs. Corresponding observa-
tion records from ships are placed on similar punched cards.

Since much of the climatic analysis done at the NWRC is accomplished by the use of punched
cards and machines, emphasis is placed here on the amount and type of information available oo
punched cards. Some general characteristics and limitations of the data, resulting more fros
observa tional techniques and practices than from punched card capacity, need to be pointed out:

1. Records of surface observations make up the greatest amount of data now on punched
cards. Of these, the synoptic observations, i.e., the 6-hourly observations, predominate
except for the United States for which records of hourly observations will soon surpass ii
number all other types of cards. Only air temperature, pressure, wind speed and direction,
and precipitation are commonly observed and punched; and other elements may be missing for
varying numbers of stations, or for any station at varying intervals during the record.
Except for the United States, for which summaries of each day's weather are available, such
important data as peak gusts of wind are not available. The rapid variation of ceilings:
the occurrence of rapid fluctuations of temperatures, the occurrence of more than one phenome-
non of present weather, cannot be obtained at the present time without recourse to the original

records,

2. Since a high percentage of winds-aloft observations have been made by pilot balloonh
it is important to emphasize that low clouds, precipitation, dust, and other phenomena ofte
prevent visual observation. Any statistics derived from pilot balloon data, therefore. ar
probably all winds-aloft summaries, give results biased toward fair. weather conditions.
addition, difficulties of balloon observations, such as bad balloons breaking at low altitudes
high winds carrying the balloons beyond low altitude visual and radioc range, limited time 0
observation, or use of balloons having a slow ascent rate largely limit most observations *
the altitudes below 12,000 feet. For this reason, adequate summaries for "jet operations
at 30,000 feet are not yet possible, although some guidance may be obtained from the datd.

3. The science of radio-sounding of the atmosphere for temperatures, pressures, 80
humidities aloft is relatively new., The data available cover, with few exceptions, onl
the past decade and even then are limited to those countries using the radiosonde. t
are almost wholly lacking from the southern Hemisphere.

A brief discussion of the punched cards available at NWRC will give an idea by geograph‘

cal areas of the present potential (and limitations) for machine climatic analysis. In "d:
areas, not much can be done because the Center does not have adequate punched card rt;;";. v

For large general areas for which considerable data are on file, a survey would probab
to be made to ascertain whether or not specific small-area summaries could be prepared.
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FIGURE 8

ILLUSTRATION OF WBAN FORM 31A

(RADIOSONDE OBSERVATIONS) WITH PUNCHED CARDS.
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I. PUNCHED CARD DECKS OF LAND STATIONS a

1. NORTHERN HEMISPHERE

Card decks of data collected for the Northern Hemisphere weather map project for th
periods 1899-1928 and 1945 to the present include nine million 1200 GCT surface observatio
and three million upper air observations. The same stations may not be represented in eac
deck in every case; and, it must be pointed out. no quality control procedures have bee
used to detect and remove errors of observation or transcription except those immediatel
recognigable by the operators placing the data on cards. The decks have been separated, b
origin, into blocks of data, e.g., the English reports are separate from the French, so' tha
cards for any area can be easily removed from the decks. These cards are not duplicated i
the files by continent and country, except the one-observation-per-day-cards for U. 8,
stations since 1945.

2. NORTH AMERICA (INCLUDING CENTRAL ANMERICA)

a. Surface Observations. :

More than 70 million c ards represent an equal number of separate observations coverin
about 10,000 observing stations. Over 9000 of these are U. S. Weather Bureau cooperativ
stations which record one to three observations per day. In addition, 600 airport and cit
stations, including Ravy and Air Force, make observations each hour. Less than 100 of th
10,000 are outside the United States and its possessions, most of them in the Canadian Arcti
and Greenland. The riods of record covered by the different card decks vary from severa
months to 30 years, t§3 majority being less than 10 years. All of the U. 8. hourly observi
stations have at least one year's record and most have a minimum of 8 years.

The elements most generally observed and recorded are those of temperature (dry bulb, we
bulb, dew point, maximmm, minimm), precipitatiomn, clouds (types and heights), wind, pressure
weather, humidity, and visibility. Other elements observed for stations which have appropri
ate facilities are measurements of evaporation, solar radiation, soil condition, surf and se
condition, etc. Observations of these latter elements are relatively few in number and fo
that reason have not been placed om punched cards to any great extent.

b. Pilot Balloon Observations

Observations from 400 stations of this type, 2 to 4 per day, for periods of from 2 to
years, have been placed on cards. The number of cards is well over 3 million, representin
almost 3 million observations. Two cards are used when a balloon rises above 35,000 feet

c. Radiosonde Observations

A consecutive 4-year period of 2 observations per day for about B0 stations has bee
placed on punched cards, and cards for longer periods for a few stations are available. A
the present time, 50 continental U. S. stations, 15 Alaskan, 32 Canadian (including Arctic)
and 20 cooperative stations in Mexico and the Caribbean area contribute to the records pr
gram. The data from about 100 of these are being placed on cards regularly.

3. EUROPE

a. Surface Observations

From upwards of 1000 stations, more than 10 million synoptic observations made prior
1940 are on punched cards. Recorded in the World Weteorological Organization codes, th
cover periods ranging from 4 to 10 years. In general, they were made during daylight hou
and vary in number from one to three per day. Information can be extracted from them
cloud cover and height, temperature, wind direction and force, pressure, visibility, std
of sea (for coastal stations), and precipitation.

b. Pilot Balloon Observations
Upper wind observations over Furope, as in the rest of the world, are fewer in n 3
thap surface observations. A total of about 30,000 cobservations covering periods of

5 years' record for 44 stations are available.

c. Radiosonde Observations
Punched cards for roughly 16,000 observations, made at 18 stations over periods of W
seven years, have been placed in the Records Canter.
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4. RUSSIA

a. Surface Observations

Russian observations reduced to punched cards for the Center number about 2 1/2 million.
About 350 stations, 100 with a 6-months record, the rest with 6 years of record, have obser-
vations for one to three times a day containing data on clouds, weather wind velocities,
pressure, air temperature, and relative humidity. About 300 of the stations also «.served
smaximum and minimum temperatures, pressure changes, precipitation, visibilities, s'ate of
the ground, snow, and maximum winds, while about 200 had some data on state of sea, height

of sea, temperature difference of water from air, and cloud directions. These data have
ilso been placed on the cards.

b. Pilot Balloon Observations

Six years of data for 100 stations totaling about 25,000 observations have been punched
into cards.

¢c. Radiosonde Observations

Eighteen thousand observations are available for 28 stations over the 6-year period
1932-1937, the early years of radiosonde development.

5. ASIA

a. 8Surface Observations

Slightly less than 5 million surface observations from 500 stations in this ‘ast area,
and over a 4 to 10 year period, have been placed on punched cards. Approximately twe-thirds
of the cards contain cloud observations of some type but cloud directions were observe? o ly
tbout once in thirty times. Only two to three observations ver day are available, with tnc
exception of those of a few island stations. Provision was made for observation of air
pressure, wind, air temperature, humidity, ceiling, and visibility, and irn a large percen.age
of cases these have been placed on the punched cards. Other elements occasionally observed

tere soil temperature, wet-bulb temperature, vapor pressure snow, precipitation, state of
ground, height of sea.

b. Pilot Balloon Observations

Twenty decks for 200 stations for periods ranging from 1 to 7 years rontain 300,000
irregularly scheduled observations. A few contain data on type, direction, and speed of
the clouds in addition to the wind velocities.

c. Radiosonde Observations

Two decks covering three stations, one for 2 years, the other for 11 1/2 years, are

wailable. The irregularity of operations has kept the overall number of observations very
low, between. 1000 and 2000.

6. SOUTHWEST PACIFIC AND PACIFIC ISLANDS (INCLUDING AUSTRALIA)

a. Surface Observations

Observations on punched cards for 15 stations for periods ranging from 4 to 10 years
lumber about 300,000, Elements observed in all cases were clouds, wind, air temperature,
fressure, and precipitation. Other elements occasionally observed by some stations were

ﬁeSSure tendency, so0il temperature, maximum ahd minimum air temperature, humidity, and
"isibility.

b. Pilot Balloon Observations

tight stations for three years produced a limited number of observations which have
€0 placed on punched cards.

¢.  Radicsonde Observations

Ocve deck for one station for about 7 years with two observations per day provides almost
5.00% observations.

7.  AFRICA

Besides those in the Northern Hemisphere card decks, the only punched cards for any type

bservation that the NWHC has for Africa, number about 300, 000 containing synoptic surface

Srvations at 60 Egyptian and Anglo-Fgyptian Sudan stations, and a small number for pibals

‘ statioms in the same countries. Maximm length of surface records is 9 years. Tempera-

iy pressure, wind, and humidity were generally observed. A few observations of clouds,
i

tus temperature, wet-bulb temperature, vapor pressure, precipitation, and vigibility were
“de and are available from the cards.

of
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8. SOUTH AMERICA

a. Surface Synoptic Observations

About 500,000 observations on punched cards have been obtained for South America. The
period covered by them ranges from 6 to 10 years for 70 stations. Records of clouds, wind,
temperature, humidity, pressure, precipitation, and visibility have been transferred to
punched cards for the majority of the stations. In a few cases, ceiling, pressure tendency,
wet-bulb temperature, vapor pressure, state of ground, and cloud height are available,

b. Pilot Balloon Observations
A few stations' records have been placed on punched cards, the total number of cards now
available (1952) numbering only about 15,000.

c. Radiosonde Observations
A few observations from Talara, Peru, and Barrangilla, Colombia, are available but do not
cover any protracted period.

I1. PUNCHED CARD DECKS OF MARINE DATA

Since the decade of 1850-60, maritime nations have been recording marine weather observa-
tions quite regularly. In the beginning the observations were primarily of value in building
up climatological data, but with developing communications they have led to better weathen
maps and forecasts of direct aid to ships. The observations have been slowly accumulatin
over the past century: the majority have been collected during the past fifty years. Area
of greatest concentration of data are coastal waters and along the most used shipping routes.
Off the shipping routes are some areas where there are few or no recorded cobservations

The number of modern IBM punched cards containing observations from U. S. merchant ship
since the publication of the Atlas of Climatic Charts of the Oceans has not yet become large
Together with about 1 1/2 million Navy shipboard observations they total about three million|
The bulk of marine data on modern punched cards now held by the NWRC have been procured fro
the British, Dutch, and German Meteorological Services by exchange and purchase. These thre
decks total pearly 15 million cards,

Filing and analyzing weather data from ocean areas present several outstanding problems
Unlike observations at land stations which have a fixed location, any two at sea are rarel
made at exactly the same place. Therefore, shipboard observations must be grouped for a
area and treated as though they were made at a single location. Farly in the 19th century
Marsden of the British Admiralty devised a plan for grouping observations which is now use
by Meteorological Services of all countries. This plan called for numbering all the 10
quadrangles of latitude and longitude on a Mercator map. The numbering of these quadrangles
commonly called ""Squares', is illustrated in Fig. 9. The smaller numbers shown in each squar
give the thousands of weather observations in the marine card decks obtained from the British
Dutch, and Germans, Though not shown here, each 10° Marsden Square is subdivided into four §
squares and 100 1° squares. The smallest area for which adequate data are available is use
in preparing tabulations.

While the useful convention of assuming that all recorded observations within a Marsde
Square were made on the same spot is statistically imperfect, an even less statistically
dependable difficulty exists in the irregularity of the observations. Several ships m2
pass through a Marsden Square area within 2 or 3 days, then no others for the remainder 0
the month; many more traverses per month may be made through an area during some years th2
during others. Quite probably data in different squares are not for comparable periods O
years since shipping routes have changed with geographical and economic conditions.
example, because of the opening of the Panama Canal the observations around Cape Horn we
reduced after 1910 while those in the approach waters to the canal predominate after 1905

b ]

A valuable marine observation program has been carried out by the maritime natio
bordering the Atlantic and Pacific Oceans since 1940. Weather ships, whose primary purp?
is to provide continuous observations from limited areas, operate at 10 "ocean station" lo¢
tions in the North Atlantic and 9 in the North Pacific. Their observations are:

1. a good chronological series of three-hourly data which offers an excellent

source for diurnal and duration studies;

2. continuous samples of ocean weather observed by trained personnel which can

be used to test reliability of observations from other ships:

3. the only controlled source of upper air data over the oceans.

Most marine observations have included wind direction and speed, present weather, 2
temperature, pressure, visibility, water temperature, cloud cover, and sea condition. Weath
observations were, and are, made every three, four, or six hours. The number of all types
marine observations on punched cards, though small until recently when monthly and diur?
totals are considered, does provide sufficient material in certain areas to provide &
representations of climate in those areas.
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CHAPTER V.

REQUESTING CLIMATOLOGICAL INFORMATICN

A. The main purpose of this pamphlet is to bring the existence of the National Weathe
Records Center and its potentialities to the attention of:

1. The Aerologist (in the field and in planning units) who may need climatic informatio
for guidance in preparing general forecasts;

2. The Research director, who can call upon the Center for aid in his explorationo
large masses of data for his studv of the limiting influence of climate and weather on th
operational efficiency of personnel, ordnance, many types of equipment, buildings, aircraft
vessels, and vehicles; in the development of forecasting and planning aids; and so on:

3. The Task Gfoup or Fleet Commander to whom the aerologist and the research man conve
essential information bearing upon the over-all aspects of planning.

The greater proportion of the present effort by the Navy Machine Unit at the Nationa
Weather Records Center is devoted to established projects described as "routine tabulations
in Chapter III. Naval station climatological summaries, atlases, and special area studie
usually provide general information for large parts of the world and such detailed informati
for specific locations as can be processed for all places by mass production methods. Routis
tabulations are designed to answer as many problems as possible which may face the Aerologist
the Researcher, and the Commander. Those problems which cannot be answered by these tabuls
tions must be handled individually dnd may require the development of special procedures t
provide the necessary information.

In Chapter I1 the capabilities of punched card machines were described from the stand
point of results that could be produced. Chapter II1 translated the general capabilitie
of machines into actual types of problems for which machines can be utilized. There remait
to be described the procedure by which the information can be obtained by the man with th
problem: where to send a request. what to include in it, and what will happen to it.

The Office of Chief of Naval Operations controls the Navy participation in the joip
activity of the Records Center. Correspondence requesting the utilization of capabilitie
of the Center and the Machine Tabulating Unit should be addressed to:

Chief of Naval Operations (Op-533)
Navy Department
Washington 25, D. C.

B. When a request is received, the climatology unit of Naval Aerology makes the follo¥
ing preliminary review before work is commenced at the National Weather Records Center

1. Ascertains if there is an existing tabulation or study which would fulfill this T€
quest in whole or in part. From the many tabulations which have been made for routime studie
and special projects, occasionally one already accomplished meets the requirements of & ¥
request:

2. Determines if the required data are available to process the desired informatior. !
certain cases, large time or area gaps exist in the weather records of the punchedc‘
library, and also certain weather elements may not have been recorded:

3. Studies the recorded unit of measurement of the weather records in questio®:
variety of units and class limits have been used in taking weather observations. These
not be transposable to the desired breakdown:
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4. Estimates an approximate cost of work required to determine if it can be accomplished
vithin allotted funds without interrupting the planned climatological work. The magnitude of
Yavy participation in the NWRC is based on the known and estimated Naval need for climatologi-
cal information and on budgetary limitations. The estimated Naval need is based upon the
sctual requests that have occurred in previous years. After appropriation and allotment of
funds for the fiscal year, a continuing basic program of action is developed whereby the
fnown needs can be fulfilled and within which the estimated needs can be met as they arise.
Requests may exceed the estimated needs either in number or in magnitude, in which case
special funds and arrangements will be necessary. When this cannot be domne. priority lists
ire established and future budget estimates are made so that the work can be done when funds
do become available:

5. If necessary, resolves with the requester any question on required modification con-
cerning the request. For requests which will entail extensive machine analysis and tabulation,
s pilot project may be set up to examine and test such analysis and tabulation. If the re-
ults of a pilot project indicate that the available information and the procedures established
vill produce adequate answers, arrangements then will be initiated for the entire tabulation,
subject to (4) above.

C. As far as possible, every consideration is given to providing timely and adequate
results. In order that the most satisfactory results may be obtained, the originator of the
equest should bear in mind several important points:

1. Requests should be made sufficiently in advance to assure receipt of the tabulations
y the time they are needed. (Several weeks to several months will often be required to

omplete special studies since they generally must be fitted into the schedule of priority
ork, );

2. Large tabulations and research problems may require conferences and pilot projects
0 determine feasibility:

3. Large and costly tabulations may require the transfer of additional funds and an
increase in machine facilities of the National Weather Records Center to accomplish the work
0 a2 reasonable time;

4., Information desired should be clearly described and should include:

a. Place - when an area, boundaries must be specifically defined:

b. Period of record - month(s) and year(s). Non-specific terms like "winter months"
should be avoided because several interpretations are possible:

¢. Units of measurement - e.g. wind in knots, wind by Beaufort Force, visibility in
thousands of yards or air temperatures in °C or °F:

d. Tabulation breakdown - e.g. by months; wind in knots, grouped O - 3 knots ,
followed by 10-knot intervals beginning 4 - 13;

e. Type of summary - e.g. percentage frequency of occurrence of cloud cover 1in
groups 0 - 2 tenths and 6 - 10 tenths, and total number of observations reporting
any cloud amount including 0/10;

f. Data tobe included - e.g. in a request for "mean zonal wind components” the
technician setting up a punched card machine analysis must know whether north and
south winds should be omitted in the calculation or considered as having zerc zonal
components.

5. Care must be taken that all terms used in a request have a definitely understood mean-
¥. This is especially true for research problems where special words, phrases, or notations
¥ have been developed that are not commonly known. In other words, the aim of writing a
®quest should be detail sufficient to obviate the need for any further interpretation of
ictly what is desired.

6. Insofar as possible, the use to which the tabulated data are to be put should be
Icluded in each request. Thus, if the exact weather records are not available to provide
he required tabulation, a substitute may be suggested. Or, if the description of desired
"ormation is not absolutely clear in itself the intended use for the data may clarify it.

BECAUSE OF THE RECOGNIZED NEED FOR SUCH INFORMATION IN MANY OF ITS MISSIONS, THE NAVY
INTAINS FACILITIES AT THE NATIONAL WEATHER RECORDS CENTER FOR PREPARING WEATHER SUMMARIES
! CLIMATOLOGICAL ANALYSES. IT IS INTENDED THAT THE BENEFITS OF THESE PRODUCTIONS SHALL
ML TO THE PERSONNEL WBO PLAN AND ADMINISTER SUCH MISSIONS. THIS INTRODUCTORY APPRAISAL OF

POTENTIALITIES OF THE CENTER SEOULD AID IN ERLARGING THE FUNCTION OF SUPPLYING INFORMA-
O NEEDED FOR ROUTINE AND SPECIFIC PROBLEKS, THEREBY INCREASING THE USEFULNESS OF CLIMA-
WOGY TO THE NAVAL ESTABLISHMENT,
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